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Abstract 
Fish sauce is an ingredient that has been used widely in Southeast Asian cooking due to its specific flavor. However, 
fish sauce contains high amount of salt, which is not desirable by health-conscious consumers. Recently, it has been 
demonstrated that electrodialysis (ED) could be used to reduce the salt content of fish sauce without excessively 
affecting its important characteristics over a specific range of residual salt content. Since only a lab-scale 
electrodialyser has so far been tested, the aim of this study was to design, build and test a pilot-scale (100 L/batch) 
electrodialyser for desalination of fish sauce. The desalination kinetics as well as the changes of volume and selected 
physicochemical properties of fish sauce, i.e., density, pH, total soluble solids, ion concentrations (Na+, K+), total 
nitrogen and amino nitrogen, were investigated; a constant voltage of 6 V was used. The energy consumption of the 
ED process was also determined. The results indicated that the pilot-scale electrodialyser could reduce the salt 
content of an original fish sauce to the desired salt concentrations of 18, 16 and 14% (w/w) within 120, 210 and 300 
min; the energy consumption was noted to be 2.53±0.05, 4.37±0.05 and 6.15±0.05 kWh, respectively. The 
physicochemical properties of the ED-treated fish sauce were found to be similar to those of the fish sauce treated by 
a lab-scale electrodialyser.   
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
It is well-known that people having high intake of sodium have higher risk of suffering from high 
blood pressure and heart disease. However, a significant amount of salt is still taken through consumption 
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of several diets, which have higher contents of salt. Among many high-salt diets, fish sauce is a traditional 
condiment that has been used widely in Southeast Asian cooking due to its unique taste and flavor. Fish 
sauce contains high content of salt (sodium chloride) since a significant amount of salt needs to be added 
during the production of the sauce to obtain the desired taste and flavor. Although there has been an 
attempt to solve the above-mentioned problem by substituting sodium with potassium, potassium-based 
¿sh sauce is still unsuitable for patients with kidney disease. An alternative technique to produce low-
sodium ¿sh sauce via electrodialysis has thus been proposed and tested [1].  
Electrodialysis (ED) is a separation technique in which ion-exchange membranes and electric potential 
are utilized to separate ion species from an aqueous solution. ED differs from other membrane techniques 
in that the separation principle is based on the electric charge instead of the particle size [2]. ED has found 
several applications in the food industry and biotechnology, including desalination of spent brine from 
pickled prunes [3], removal of salt and organic acids from solution used to season salted Japanese apricots 
(Ume) [4], desalination of mussel cooking juices into a marketable flavor extract [5, 6] and 
demineralization of soybean oligosaccharides extract from sweet slurry [7]. Recently, it has been 
demonstrated that ED could be used to reduce the salt content of fish sauce without excessively affecting 
its important characteristics over a specific range of residual salt content [1, 8]. However, to produce low-
sodium fish sauce at a large scale, a pilot-scale electrodialyser needs to be developed. 
The objectives of this work were to design, build and test a pilot-scale (100 L/batch) electrodialyser for 
producing low-sodium fish sauce with the residual salt content of less than 18% (w/w) within 3 h. The 
desalination kinetics as well as the change of volume and selected physicochemical properties of fish 
sauce, i.e., density, pH, total soluble solids, ion concentrations (Na+, K+), total nitrogen and amino 
nitrogen, at various residual salt concentrations (18%, 16% and 14% [w/w]) were investigated; a constant 
voltage of 6 V was used [9]. The energy consumption of the ED process was also determined.  
2. Materials and methods 
2.1. Materials
Fish sauce was obtained from a local distributor. The sample was transported in a sealed plastic bottle 
to the laboratory and stored at room temperature. The characteristics of the untreated ¿sh sauce are given 
in Chindapan et al. (2009). 
 For an ED experiment sodium sulfate and sulfuric acid (Ajax Finechem, Taren point, Australia) were 
used to prepare the electrolyte. Sodium chloride was used to prepare the concentrate. Hydrochloric acid 
(Ajax Finechem) and sodium hydroxide (Carlo Erba, Rodano, Italy) were used to prepare the membrane-
cleaning solution. 
2.2. ED system set-up 
Fig. 1 shows a schematic diagram of the ED system, which operated in a batch-recirculation mode. 
The ED system consists of an ED cell (PCCell GmbH, model ED 1000 H, Heusweiler, Germany), a DC 
power supply (East, model WYK-6020, Guangdong, China), a concentrate tank, a diluate tank, an 
electrolyte tank and a solution pumping system.  
The ED cell consists of fifty cell pairs, which are formed by twenty-six PC-MV cation-exchange 
membranes and twenty-five PC-SA anion-exchange membranes in an alternating pattern between two 
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electrode compartments. The total effective membrane area is 10 m2. Both electrodes are made of Pt-
coated titanium. 
The pumping system consists of 3 independent circuits. The first and second circuits consist each of a 
centrifugal pump (Inoxpa, model EFI-2003, Banyales, Spain) for the diluate (fish sauce) and concentrate 
(1% [w/w] sodium chloride), operating at 1,080 L/h. The third circuit, which is an electrolyte circuit, 
consists of a magnetic pump (Sanso, model PMD-1531, Himeji, Japan), delivering 240 L/h of the 
electrolyte. The flow rates were measured by means of three independent rotameters. 
Fish sauce (100 L) was first filled in the diluate tank, while 1% (w/w) sodium chloride was filled in the 
concentrate tank at the same volume of 100 L. Electrolyte, which was 0.25 M sodium sulfate acidified to 
pH 2.5 with sulfuric acid, was prepared and filled in the electrolyte tank also at the volume of 100 L. All 
the solutions were then pumped through the ED cell. When the flow rates of the solutions reached steady 
values, electric potential was applied by means of the DC power supply to both electrodes at 6 V with the 
current of not higher than 16 A [9].  
Fig. 1. Schematic diagram of the pilot-scale electrodialyser: (TA) concentrate tank; (TB) diluate tank; (TC) electrolyte tank; (V1A), 
(V1B), (V1C) on-off valves; (FA), (FB) filters; (PA), (PB), (PC) pumps; (GA), (GB) pressure gauges; (V2A), (V2B), (V2C) 
control valves; (RA), (RB), (RC) rotameters; (E1) concentrate inlet; (E2) diluate inlet; (E3) electrolyte inlet; (E4),(E5) 
electrolyte connector; (E6) electrolyte outlet; (E7) concentrate outlet; (E8) diluate outlet; (S) DC power supply; (C1) on-off 
pump switch; (C2) PA pump speed controller; (C3) PB pump speed controller; (C4) emergency switch;  (V3A), (V3B), 
(V3C) drain valves  
2.3. Determination of desalination kinetics 
The pilot-scale electrodialyser was operated at 6 V and at the flow rates of 1,080 L/h for the diluate 
and concentrate and 240 L/h for the electrolyte at ambient temperature. The tested voltage of 6 V was as 
recommended by the ED cell manufacturer, i.e., a voltage that would not lead to a current higher than 
80% of the maximum allowable current of 18 A [9]. The amount of salt removal was determined as a 
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function of time. An experiment was ended when the current reached an equilibrium value at the applied 
voltage. 
2.4. Determination of physicochemical properties of ED-treated fish sauce 
ED-treated fish sauce having various salt concentrations (18%, 16% and 14% [w/w]) was evaluated for 
its selected physicochemical properties, namely, density, pH, ion concentrations (Na+, K+), total nitrogen 
and amino nitrogen. 
Total soluble solids, pH and density of the ED-treated fish sauce were determined by a hand-held 
refractometer (Atago, model N1 & model N2, Tokyo, Japan), pH meter (Schott Gerate, model CG841, 
Hofheim, Germany) and pycnometer (Jaytec, model BS733, Sussex, U.K.), respectively.  
The salt concentration of the ED-treated fish sauce was determined by the Vorhard method [10]. The 
concentrations of sodium and potassium ions were analyzed using an atomic absorption 
spectrophotometer (GBC, model Avanta, Dandenong, Australia). Total nitrogen content was measured 
using the Kjeldahl method [10], while the amino nitrogen was determined by the difference between 
formaldehyde nitrogen and ammoniacal nitrogen [11].  
2.5. Determination of electric power requirement and energy consumption  
Electric power requirement of the ED process was determined from the summation of the requirements 
of the pumps, DC power supply and ED cell. The energy consumption of a pump was obtained as a 
product of the electric power requirement of each pump and the number of hours the pump was operated. 
The energy consumption of the DC power supply and ED cell were measured directly via an electricity 
meter (Mitsubishi Electric Corp, model MF-63E, Japan).  
2.6. Statistical analysis 
The results on the physicochemical properties of the ED-treated fish sauce were subjected to one-way 
analysis of variance (ANOVA). Comparison of the mean values was carried out by Duncan’s new 
multiple range tests at a confidence level of 95%. Statistical analysis was performed using SPSS 17.0 for 
Windows® (SPSS Inc., Chicago, U.S.A.). The results are presented as mean values with standard 
deviations. 
3. Results and discussion 
3.1. Desalination kinetics 
Fig. 2 shows the decline of the salt concentration of the diluate (fish sauce) at an applied voltage of     
6 V. The results indicated that the salt concentration rapidly decreased at the beginning of the process 
(within the first 3.5 h). The rate of salt concentration reduction then decreased towards the end of the 
process. From this figure the time to reduce the salt concentration from an initial value of 25% (w/w) to 
the desired 18, 16 and 14% (w/w) was 120, 210 and 300 min, respectively. These results showed that the 
pilot-scale electrodialyser could produce low-sodium fish sauce with a residual salt concentration of less 
than 18% (w/w) within 3 h. 
Fig. 3 shows the change of the diluate volume throughout the ED process. An increase in the volume 
of the diluate was observed during the first 3.5 h. This may be because the diluate and concentrate 
initially had a rather large difference in the salt concentration, leading to the transport of water from the 
concentrate to the diluate, which had higher salt concentration. This in turn led to the increase in the 
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volume of the diluate. However, after 3.5 h the volume of the diluate started to decrease. This is probably 
because the driving force due to the applied voltage became more significant than the driving force due to 
the concentration gradient. The decrease in the volume probably resulted from the transfer of ions and 
water molecules through the membranes by electrotransport; this effect has indeed been reported to be 
more significant in a solution with low ion concentration [12]. A rapid drop in the volume was thus 
observed towards the end of the ED process. 
Fig. 2. Change of salt concentration of ED-treated fish sauce                Fig. 3. Change of volume of ED-treated fish sauce 
Fig. 4. Electric power requirement of ED process 
3.2. Electric power requirement and energy consumption 
     Fig. 4 shows the electric power requirement of the ED process. It was observed that the electric power 
requirement remained almost unchanged throughout the process. Most of the power requirement of the 
process was due to the pumps, i.e., 82.5% of the total electric power requirement. The average electric 
power requirement throughout the process was 1.20±0.01 kW and the electric energy consumption was 
2.53±0.05, 4.37±0.05 and 6.15±0.05 kWh when the residual salt concentration was 18, 16 and 14% 
(w/w), respectively.  
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3.3. Physicochemical properties of ED-treated fish sauce  
Selected physicochemical properties of the ED-treated fish sauce are listed in Table 1. The results 
indicated that all other properties changed only slightly when compared to the salt concentration. This 
implied that the ED process was quite specific to the reduction of salt from the fish sauce. The decreased 
salt concentration led to a decrease in the density of the ED-treated fish sauce; its pH, however, increased 
slightly from 5.5 to 5.7. This implied that no water splitting due to concentration polarization occurred, 
maybe because the low current density employed [13]. Sodium and potassium ion concentrations and 
total nitrogen content of the ED-treated fish sauce significantly decreased, while amino nitrogen content 
did not significantly change within the salt concentration range of 14-18% (w/w).  
Table 1. Physicochemical properties of ED-treated fish sauce 
Fish sauce Salt 
concentration
(% w/w) 
Density
(g/mL) 
pH         
(-)         
Sodium ion 
concentration
(mg/L) 
Potassium ion 
concentration
(mg/L) 
Total N 
 (% w/w) 
Amino N 
(g/L) 
Control 25.5 ± 0.3 1.23 ± 0.00a 5.5 ± 0.1a 120665 ± 986a 3727 ± 11a 1.70 ± 0.03a 12.8 ± 0.8a
At 2.0 h 18.6 ± 0.4 1.18 ± 0.01b 5.6 ± 0.0b 99139 ± 914b 2632 ± 86b 1.43 ± 0.02b 11.0 ± 0.5b
At 3.5 h 16.4 ± 0.2 1.16 ± 0.01c 5.7 ± 0.0b 83922 ± 2993c 2099 ± 125c 1.34 ± 0.02c 10.2 ± 0.2b
At 5.0 h 13.8 ± 0.6 1.14 ± 0.00d 5.7 ± 0.0b 72949 ± 1523d 1820 ± 51d 1.26 ± 0.01d 9.7 ± 0.4b
Values in the same column with different superscripts mean that the values are significantly different (p < 0.05).
4. Conclusion 
A pilot-scale electrodialyser (100 L/batch) capable of producing low-sodium fish sauce with a residual 
salt concentration of less than 18% (w/w) within 3 h was developed and tested. The results showed that 
the production of low-sodium fish sauce with salt contents of 18%, 16% and 14% (w/w) took 2.0, 3.5 and 
5.0 h, respectively. The physicochemical properties of the ED-treated fish sauce were found to be similar 
to those of the fish sauce treated by a lab-scale electrodialyser; amino nitrogen content and pH, which are 
the important characteristics of fish sauce, could be adequately maintained. 
Acknowledgements 
The authors express their sincere appreciation to the Thailand Research Fund (TRF) for supporting the 
study financially.  
References 
[1] Chindapan N, Devahastin S and Chiewchan N. Electrodialysis desalination of fish sauce. J Food Science 2009; 74:E363–71. 
[2] Baker RW. Membrane Technology and Application. 2nd ed. West Sussex: John Wiley & Sons; 2004  
[3] Pan WD, Chiang BH and Chiang PC. Desalination of spent brine from pickled prunes processing by electrodialysis. J Food 
Science 1988; 53:134–37. 
[4] Takatsuji WD, Nakauchi M and Yoshida H. Removal of salt and organic acids from solution used to season salted Japanese 
apricots (Ume) by electrodialysis, precipitation and adsorption. J Bioscience and Bioengineering 1999; 88:348–51. 
103J. Jundee et al. / Procedia Engineering 32 (2012) 97 – 103
[5] Cros S, Lignot B, Razafintsalama C, Jaouen P and Bourseau P. Electrodialysis desalination and reverse osmosis 
concentration of an industrial mussel cooking juice: Process impact on pollution reduction and on aroma quality, J Food 
Science 2004; 69:C435-42. 
[6] Cros S, Lignot B, Bourseau P, Jaouen P and Prost C. Desalination of mussel cooking juices by electrodialysis: Effect on the
aroma profile, J Food Engineering 2005; 69:425-36. 
[7] Wang Q, Ying T, Jiang T, Yang D and Jahangir MM. Demineralization of soybean oligosaccharides extract from sweet 
slurry by conventional electrodialysis. J Food Engineering 2009, 95:410–15. 
[8] Chindapan N, Devahastin S, Chiewchan N. and Sablani SS. Desalination of fish sauce by electrodialysis: Effect on selected 
aroma compounds and amino acid compositions. J Food Science 2011; 76:S451–57. 
[9] PCCell GmbH. Operation & Maintenance Instruction: Electrodialysis PCCell Unit (ED 1000 H). Heusweiler, Germany; 
2006. 
[10] AOAC. Official Methods of Analysis. 16th ed. Association of Official Analytical Chemists: Washington DC; 1995  
[11] Thai Industrial Standards Institute. Local fish sauce 1983. TIS 3-2526:1–30. 
[12] Berezina N, Gnusin N, Dyomina O and Timofeyev S. Water electrotransport in membrane systems. Experiment and model 
description. J Membrane Science 1994; 86:207–29. 
[13] Strathmann H. Electrodialysis. In: Ho WSW, Sirkar KK, editors. Membrane Handbook, NewYork: Van Nostrand Reinhold; 
1992, p. 219–62. 
